To compare the long-term effects of olmesartan combined with either azelnidipine or amlodipine on central blood pressure (CBP), left ventricular (LV) mass index (LVMI), LV diastolic function (e′ velocity, E/e′ ratio, E/A ratio) and arterial stiffness (brachial-ankle pulse wave velocity [baPWV] and augmentation index normalized for a heart rate of 75 bpm [AIx]). Patients and methods: Patients with systolic BP $ 140 mmHg and/or diastolic BP $ 90 mmHg received olmesartan monotherapy (20 mg/day) for 12 weeks. They were then randomly assigned to fixed-dose add-on therapy with azelnidipine (16 mg/day; n = 26) or amlodipine (5 mg/day; n = 26) for a further 2 years. CBP, LVMI, e′ velocity, E/e′ ratio, E/A ratio, baPWV, and AIx were measured at baseline, 6 months, and 2 years. Results: Baseline characteristics of both groups were similar. The decrease in brachial BP over 2 years was similar in both groups. CBP, LVMI, E/e′ ratio, baPWV, and AIx decreased significantly, and the E/A ratio and e′ velocity increased significantly in both groups. The decreases in CBP (P , 0.001), AIx (P , 0.001), baPWV (P , 0.001), LVMI (P , 0.001), and E/e′ (P = 0.002) as well as the increase in E/A ratio (P = 0.03) over 2 years were significantly greater in the olmesartan/azelnidipine group than in the olmesartan/amlodipine group. Multivariate linear regression analyses showed that the changes in baPWV (β = 0.41, P , 0.001) and CBP (β = 0.47, P = 0.01) were independently associated with the change in LVMI, the change in baPWV (β = 0.25, P , 0.001) was independently associated with the change in E/e′ ratio, and the changes in baPWV (β = 0.21, P = 0.001) and AIx (β = 0.25, P = 0.03) were independently associated with the change in E/A ratio. Conclusion: Treatment with olmesartan/azelnidipine for 2 years resulted in greater improvements in CBP, LVMI, and LV diastolic function, and arterial stiffness compared with olmesartan/amlodipine. Improvements in LV diastolic function were associated with improvements in arterial stiffness.
Introduction
When blood pressure (BP) control is inadequate with a single antihypertensive drug, the use of two or three drugs in combination is often necessary to achieve the target blood pressure. Combination therapy with an angiotensin II receptor blocker (ARB) and a diuretic or an ARB plus a calcium (Ca 2+ ) channel blocker (CCB) are recommended in the current Japanese Society for Hypertension guidelines. 1 Several studies, [2] [3] [4] including the Conduit Artery Function Evaluation substudy of the Anglo-Scandinavian Cardiac Outcomes Trial (ASCOT-CAFE), 3 have emphasized the importance of targeting central blood pressure (CBP) rather than brachial BP in terms of cardiovascular disease outcomes. Additionally, it was reported that an ARB in combination with a CCB significantly improves CBP more than an ARB in combination with a diuretic. 4 We previously reported that 24 weeks of combination therapy with olmesartan plus azelnidipine had greater effects on CBP and left ventricular (LV) mass index (LVMI) than did olmesartan plus amlodipine, even though the reduction in brachial BP was similar in both groups. 5 We also detected a strong correlation between the change in CBP and the change in LVMI (R 2 = 0.626, P , 0.001). However, it was unknown whether the observed effects of olmesartan/azelnidipine on CBP and LVMI were long-lasting.
Our earlier study assessed LV hypertrophy but not LV diastolic function. LV hypertrophy 6 and LV diastolic dysfunction 7 are often associated with hypertension, and arterial stiffness is often aggravated in hypertensive patients. 8 Considering this issue, it is important that the effects of antihypertensive drugs on LV hypertrophy and LV diastolic dysfunction are fully evaluated and compared among different classes of antihypertensive drugs.
To date, very few studies have compared the long-term outcomes of different antihypertensive drug regimens on LV diastolic function or arterial stiffness. Therefore, we hypothesized that the combination of olmesartan plus azelnidipine would have greater long-term effects on cardiac function than the combination of olmesartan plus amlodipine. To test this hypothesis, we conducted a 2-year, prospective, randomized, open-label, parallel-group study (AORTA II study, Azelnidipine plus OlmesaRTAn versus amlodipine plus olmesartan) to compare the effects of olmesartan/ azelnidipine and olmesartan/amlodipine on clinic-measured BP, heart rate (HR), CBP, LV hypertrophy, LV diastolic function, and arterial stiffness. Hypertensive patients who failed to achieve a target blood pressure following 12 weeks of olmesartan monotherapy were randomized to receive either olmesartan/azelnidipine or olmesartan/amlodipine for 2 years. We also sought to identify the factors associated with improvements in LV hypertrophy and LV diastolic function. As indices of arterial stiffness and wave reflections, we measured the brachial-ankle pulse wave velocity (baPWV) and the augmentation index (AIx, normalized for a HR of 75 bpm). LV hypertrophy was determined as the LVMI, while LV dysfunction was measured in terms of e′, E/e′ ratio, and E/A ratio. All of these factors are known to be altered in hypertensive patients and predict stroke 9, 10 or other serious clinical outcomes.
11,12

Methods Patients
As previously described, 5 hypertensive outpatients (with or without current therapy) aged 36-75 years were consecutively recruited at the Department of Internal Medicine at Clinic Jingumae (Kashihara, Japan) between March 2007 and January 2010. Hypertension was defined as clinic-measured systolic BP (SBP) $140 mmHg and/or diastolic BP (DBP) $90 mmHg on two different occasions. Patients on current antihypertensive therapy were also defined as having hypertension. Patients were excluded for any of the following reasons: current treatment with olmesartan, secondary hypertension, arrhythmia, current treatment for congestive heart failure, history of stroke or coronary artery disease, clinically significant valvular heart disease, renal insufficiency (serum creatinine $ 2 mg/dL), mental disorders, severe noncardiovascular disease (eg, cancer or liver cirrhosis), or chronic inflammatory disease. Patients with clinicmeasured SBP . 200 mmHg and/or DBP . 115 mmHg at any time during the run-in period were withdrawn from the study. All of the patients provided written informed consent. The study protocol was approved by the Institutional Ethical Committee of Nara Medical University.
Study design
The AORTA II study was designed as a 2-year, prospective, randomized, open-label parallel-group study (Figure 1 ). It consisted of a 12-week run-in period and a 2-year randomized treatment period. During the run-in period, patients were treated with olmesartan alone (20 mg/daily). Patients already on antihypertensive drugs were switched to olmesartan monotherapy at the start of the run-in period. After the 12-week run-in period, patients with a clinic-measured SBP $ 140 mmHg and/or DPB $ 90 mmHg were randomized (1:1) using the permuted block method to receive either azelnidipine (16 mg/day) or amlodipine (5 mg/day) as addon to ongoing olmesartan. Both regimens were continued at fixed doses, without dose titration, for 2 years. The patients were instructed to take their medications after breakfast and were not permitted to use any other antihypertensive drugs. Drugs (eg, azole antifungal drugs and protease inhibitors) that had the potential to interfere with the safety or efficacy of the study drugs were not permitted during the study. The following were measured at baseline, at 6 months, and at 2 years of treatment: brachial BP, HR, CBP, AIx, baPWV, LVMI, and LV diastolic function (e′, E/e′ ratio, and E/A ratio). There were no modifications to the methods or outcomes after starting the study. The randomization list was prepared by a medical secretary at Clinic Jingumae and was sent to the investigators in opaque envelopes to conceal randomization order and allocation.
Measurement of CBP, AIx, and baPWV CBP, AIx, and baPWV were measured as previously described. 5 An automated tonometry system (HEM-9000AI; Omron Healthcare, Kyoto, Japan) was used to record the pulse pressure waveform of the radial artery with the patient in the sitting position after a $5 min rest. The first and second systolic pressure components (SBP1 and SBP2) were determined from the pulse pressure waveform. As SBP2 is similar to invasively measured aortic CBP, 13 it was used as an estimate of CBP. The HEM9000-AI-measured CBP was similar to CBP estimated using a generalized aorta-radial transfer function. [14] [15] [16] The AI was calculated using the formula (SBP2 − DBP)/(SBP1 − DBP) × 100, and was normalized for an HR of 75 bpm (AIx) because it is influenced by the HR. 17 Arterial stiffness was measured as baPWV, as previously described. 5, 18 Pulse waveforms of both forearms and both ankles were obtained after the patient had rested in the supine position for $5 min and were used to determine the baPWV. The deviation between two repeated measurements of baPWV was ,5%. The mean value on the right side was used for each patient.
Measurement of LVMI and LF diastolic function
Standard M-mode echocardiography with two-dimensional guidance and a 3-MHz transducer (Vivid S6 ultrasound system; GE Healthcare, Milwaukee, WI, USA) was performed to determine LVMI using the formula reported by Devereux et al. 18 From the mitral flow velocity pattern, we measured the peak velocities of the E and A waves on mitral flow velocity, and calculated the ratio of their peak velocities (E/A ratio). Doppler tissue integration of longitudinal mitral annular velocity was recorded at the septal annulus in the apical four-chamber view throughout the cardiac cycle. The peak early diastolic (e′) myocardial velocities, e′ velocity, and the ratio of mitral inflow velocity to e′ velocity (E/e′ ratio) were measured as previously described. 19 
Sample size calculation
The AORTA II study was designed to show a difference in the decrease in central blood pressure (measured in mmHg) between olmesartan/azelnidipine and olmesartan/amlodipine treatment. With the assumption of a standard deviation (SD) of 5.0 mmHg and mean difference of 4.0 mmHg between the two groups and a power of 0.8 at a one-sided significance level of 0.025, at least 30 patients were required in each treatment group. To account for possible withdrawals, we planned to enroll at least 60 patients (30 per group).
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Statistical analysis
Data are shown as means ± SD. Differences between the two groups at baseline were analyzed using unpaired t tests for continuous variables and χ 2 tests for categorical variables. Repeated-measures ANOVAs with Dunnett's adjustment were used for within-group comparisons. A between-group time course comparison was performed using an analysis of group-by-time interactions by repeated-measures ANOVA. Pearson's methods were used to assess correlations among the changes in LVMI, E/e′ ratio, E/A ratio, and other variables. Variables with a P-value ,0.05 in univariate analyses were entered into multivariate linear regression analysis with stepwise variable selection to identify the factors that were independently associated with the changes in LVMI ratio, E/e′ ratio, and E/A ratio at 2 years.
Univariate and multivariate correlation and regression analyses were conducted in the total population. Differences were considered statistically signif icant at values of P , 0.05.
Results
The first patient entered the study in March 2007 and the last patient completed the study in accordance with the study protocol in January 2012. As previously reported, 5 113 patients entered the run-in period, of which 54 were randomized to receive add-on azelnidipine (n = 27) or amlodipine (n = 27). One patient in each group was excluded from the assessments performed at 6 months as both of the patients missed the assessment visits ( Figure 2 ). One patient in the olmesartan/azelnidipine group and one patient in the olmesartan/ amlodipine group withdrew from the study between 6 months and 2 years because they did not return to our clinic. However, these patients were followed up at another clinic and did not experience any adverse events. Therefore, 26 patients in each group were included in the present analyses. As shown in Table 1 , the two groups were well matched, as their baseline characteristics were similar, with no significant differences in any of the factors determined at baseline. Table 2 shows the changes in parameters assessed at 6 months and 2 years of treatment in the olmesartan/azelnidipine and olmesartan/amlodipine groups. SBP, DBP, CBP, AIx (AI normalized for a heart rate of 75 bpm), baPWV, LVMI, and E/e′ ratio decreased significantly while e′ velocity and E/A ratio increased significantly in both groups from baseline to 6 months and 2 years of treatment. The changes Notes: Value are means ± SD. *P , 0.05; **P , 0.01; and ***P , 0.001 vs baseline. Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; AIx, augmentation index (AI normalized for an hr of 75 bpm); baPWV, brachialankle pulse wave velocity; LVMI, left ventricular mass index; e′, peak early diastolic mitral annular velocity; E, peak early diastolic transmitral flow; E/e′, ratio of E to e′; A, peak late diastolic transmitral flow; E/A, ratio of E to A; EF, ejection fraction.
in HR, CBP, AIx, baPWV, LVMI, E/A ratio, and E/e′ ratio over 2 years were significantly greater in the olmesartan/ azelnidipine group than in the olmesartan/amlodipine group throughout the 2-year period (P , 0.001, P , 0.001, P , 0.001, P , 0.001, P , 0.001, P = 0.03, and P = 0.002 for time × group interactions for HR, CBP, AIx, baPWV, LVMI, E/e′ ratio, and E/A ratio, respectively). Table 3 shows the results of the univariate and multivariate analyses that were performed to identify the factors associated with the reduction in LVMI in the total population. Univariate analysis showed that the change in LVMI was significantly correlated with changes in HR, CBP, AIx, baPWV, e′ velocity, E/e′ ratio, and E/A ratio. In stepwise multivariate linear regression, the changes in CBP (β = 0.47, P = 0.01) and baPWV (β = 0.41, P , 0.001) were independently associated with the change in LVMI. In analyses stratified by treatment group, the change in baPWV was independently associated with the change in LVMI in both groups (olmesartan/azelnidipine: β = 0.49, P , 0.001; olmesartan/amlodipine: β = 0.44, P , 0.001).
Although the change in AIx was also associated with the change in LVMI, multivariate analysis revealed that LVMI was more strongly correlated with baPWV than AIx. Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; AIx, augmentation index (AI normalized for an hr of 75 bpm); baPWV, brachial-ankle pulse wave velocity; LVMI, left ventricular mass index; e′, peak early diastolic mitral annular velocity; E, peak early diastolic transmitral flow; E/e′, ratio of E to e′; A, peak late diastolic transmitral flow; E/A, ratio of E to A; EF, ejection fraction. Table 4 shows the results of the univariate and multivariate analyses that were performed to detect factors associated with the reduction in E/e′ ratio. Analysis of the entire study population showed that the change in the E/e′ ratio was significantly correlated with the changes in HR, CBP, AIx, baPWV, and LVMI. Stepwise linear regression analysis showed the change in baPWV was independently associated with the change in the E/e′ ratio (β = 0.25, P , 0.001). In analyses stratified by treatment group, the change in baPWV was independently associated with the change in the E/e′ ratio in the olmesartan/azelnidipine group (β = 0.35, P = 0.001) but not in the olmesartan/amlodipine group. Table 5 shows the results of the univariate and multivariate analyses that were performed to identify factors associated with the change in the E/A ratio. Univariate analyses showed that the change in E/A ratio was significantly correlated with the changes in HR, CBP, AIx, baPWV, and LVMI.
Stepwise linear regression analysis showed that changes in baPWV (β = 0.21, P = 0.001) and AIx (β = 0.25, P = 0.03) were independently associated with the change in the E/A ratio. In analyses stratified by treatment group, the change in baPWV was independently associated with the change in E/A ratio in both groups (olmesartan/azelnidipine: β = 0.34, P = 0.002, olmesartan/amlodipine: β = 0.27, P = 0.01).
No serious adverse events requiring study discontinuation were reported in either treatment group. One patient experienced mild hepatic dysfunction and another experienced vertigo (both in the olmesartan/amlodipine group). Both patients recovered after appropriate therapies.
Discussion
In the present study, we extended on our previous findings by showing that the improvements in CBP, AIx, baPWV, LVMI, E/e′, and E/A ratio were maintained at 2 years, and submit your manuscript | www.dovepress.com Dovepress Dovepress continued to be significantly greater in the olmesartan/azelnidipine group than in the olmesartan/amlodipine group, despite similar reductions in brachial BP in both groups. The results of stepwise multivariate linear regression analysis showed that the reduction in LVMI after 2 years of treatment was directly correlated with the reduction in CBP. Increased CBP causes an increase in LV afterload that can lead to LV hypertrophy. The improvement in LVMI observed in this study appears to have resulted from the reduction in CBP. The reduction in baPWV was also independently associated with the reduction in LVMI. The results of this study suggest that the reduction in baPWV led to a delay in pulse wave reflection and hence reduced cardiac afterload. The results of a previous study revealed associations of AI and baPWV with LVMI. 20 Specifically, AI as an index of aortic sclerosis is related to aortic distensibility or reflecting waves; however, in the present study, baPWV was found to be an independent factor from LVMI. Therefore, the reduction in baPWV appears to be related to the improvement in LVMI. Although our study included many patients with LV diastolic dysfunction, our current findings are consistent with those of the earlier study showing a correlation between baPWV and LVMI, E/A ratio. 20 A follow-up study that monitored 1839 hypertensive patients for up to 11 years (mean: 4.4 years) for the onset of cardiovascular events showed that patients with LV diastolic dysfunction were at increased risk for cardiovascular events compared with patients without diastolic dysfunction. 21 Our study also detected improvements in LV diastolic function and LVMI. The E/e′ ratio, defined as the ratio of peak early LV filling velocity to peak early diastolic mitral annular velocity, is considered to reflect pulmonary arterial wedge pressure regardless of the severity of LV systolic dysfunction. E/e′ is used as an index for LV end-diastolic pressure. It is reported that in cases of E/e′ # 8, LV end-diastolic pressure is low and in cases of E/e′$ 15, LV end-diastolic pressure is high. 22 Thus, the E/e′ ratio is widely used as a prognostic predictor in clinical treatment. 23 We previously reported that olmesartan/azelnidipine antihypertensive therapy achieved greater reductions in HR, baPWV, and AIx than did olmesartan/amlodipine therapy at 24 weeks, and thus achieved greater improvements in arterial stiffness. 5 The first new finding of the present study is that the E/e′ ratio showed greater improvements in the olmesartan/azelnidipine group than in the olmesartan/amlodipine group throughout the 2-year study period. The second new finding is that baPWV, an indicator of arterial stiffness, was independently associated with the reduction in the E/e′ ratio (P , 0.001), suggesting baPWV is a useful indicator of LV diastolic function. In analyses stratified by treatment group, the reduction in baPWV was independently associated with the reduction in the E/e′ ratio in the olmesartan/azelnidipine group, but not the olmesartan/ amlodipine group. In brief, this is thought to be attributable to the greater improvement in arterial stiffness in the olmesartan/azelnidipine group than in the olmesartan/amlodipine group. A recent cohort study 24 that assessed asymptomatic LV diastolic dysfunction by tissue Doppler imaging revealed that aggravated arterial stiffness was linked to aggravated LV diastolic dysfunction.
The present study also revealed that a reduction in the E/A ratio was an indicator of LV diastolic dysfunction, and that the change in baPWV was independently associated with the change in E/A ratio. It was previously reported that, even if the E/A ratio is corrected for age in hypertensive patients, baPWV is an independent predictor for LV diastolic dysfunction, as is E/e′, so that increases in baPWV may be a risk factor for diastolic heart failure. 25 baPWV was also reported to be an independent risk factor for LV diastolic dysfunction in untreated hypertensive patients. 26 Additionally, a cohort study of Chinese patients with LV diastolic dysfunction showed a significant correlation between PWV and the E/A ratio based on multivariate linear regression analysis. 27 An experimental study in mice suggested that a reduction in HR may improve vascular stiffness and consequently lead to improvements in LV diastolic function. 28 An experimental study also showed that azelnidipine dose-dependently reduces HR. 29 In another study, azelnidipine suppressed cardiac hypertrophy, fibrosis, NADPH oxidase, and superoxide levels in stroke-prone spontaneously hypertensive rats more potently than did amlodipine, and was associated with lower HR than was amlodipine. 30 Hypertension is associated with oxidative stress, which impairs vascular endothelial function and, together with other factors, may increase arterial stiffness. However, increasing arterial stiffness, which may be caused by a variety of factors, could be a cause of hypertension in some patients. 31 Drugs that reduce cardiac afterload are thought to effectively control hypertension by reducing cardiac load. Dihydropyridine CCBs that have vasodilating and antioxidant activities are representative medications that can reduce the cardiac load by dilating the peripheral capillary vessels, although the effects of their antioxidant activities in patients with hypertension are largely unknown.
In patients who switched from amlodipine to azelnidipine, BP and HR decreased significantly, and these reductions were associated with an increase in the e′ velocity. 32 On the basis of this finding, regression of LVMI may be associated with the improvements in LV diastolic function elicited by azelnidipine. Furthermore, aortic stiffness increases central SBP and LV afterload, leading to LV myocyte hypertrophy. Diastolic dysfunction may be due to impaired relaxation resulting from the cardiac changes described above. Alternatively, aortic stiffness reduces central DBP and coronary blood flow, resulting in subendocardial ischemia. Diastolic dysfunction may also occur because of myocardial fibrosis arising from subendocardial ischemia occurring via the pathway described above. 33 Therefore, olmesartan/azelnidipine antihypertensive therapy appears to play a valuable role in these pathological pathways.
The results of the present study indicate that olmesartan/ azelnidipine is significantly superior to olmesartan/amlodipine in reducing HR and in improving vascular stiffness and diastolic function. Vascular stiffness alone, however, was independently associated with improved diastolic function.
Some limitations of this study should be discussed. First, the present study enrolled a relatively small number of patients. Moreover, the study was not conducted in a doubleblind manner. However, all measurements (AI, LVMI, E/A ratio, e′, E/e′ ratio, and PWV) were performed by an investigator who was blinded to treatment allocation to avoid bias in these measurements.
Conclusion
Treatment with olmesartan/azelnidipine for 2 years achieved significantly greater improvements in HR, arterial stiffness, and cardiac hypertrophy compared with olmesartan/ amlodipine therapy. Therefore, the two therapies differed in their effects on improving cardiac hypertrophy and arterial stiffness. Compared with olmesartan/amlodipine, olmesartan/ azelnidipine also achieved significantly greater improvements in LV diastolic dysfunction, which were maintained for 2 years. These results indicate that olmesartan/ azelnidipine steadily improves LV diastolic dysfunction during longterm therapy and that the change in arterial stiffness was independently associated with improvements in LV diastolic dysfunction.
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